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Introduction
Phytoliths are micrometric amorphous silica 
particles that form in living plant cells.
Fossil phytolith assemblages are used as 
vegetation, climate, and archaeobotanical 
indicators.
Quantification of phytoliths helps to assess the 
global biogeochemical cylcle of silicon.
Carbon (phytC) can be trapped during phytolith 
formation and represents less than 2% by dry 
weight.
Radiocarbon dating of phytC is immediatly attractive because phytC is fully protected 
from oxidizing environments (Wilding 1967). Therefore, it would contribute to obtaining 
new absolute chronologies and would bring new insights on the global silicon cycle.
I 30mm
Typical phytolith structures
 found in grass leaf tissues. 
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II State of the art: phytC investigations
Chemical composition
d13C signature
Attempts were made to use phytC d13C 
signatures as C3/C4 plant proxies using 
IR-MS (Kelly et al. 1991, Mclaran and Umlauf 2000, Smith 
and White 2004, Webb and Longstaffe 2010).
Direct 14C-AMS dating
- aliphatic compounds
- graphite or coal (if heated at 400°C)
- glycoproteins but no DNA
- sugars
- uronic acid
- lignin
- proteins
- lipids
- aromatic hydrocarbons (if heated at 400°C)
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Phytolith d13C values are more negative 
than grass cellulose d13C values.
Inexplicably old values/Inverted chronologies.
2. Measurements of PhytC from modern 
plants (Santos et al. 2010).
For the first time :
- Backrground assessments (BLANK)
- Accuracy tests (<1%)
- Replication tests
Bulk plant tissues are modern.
 
PhytC always yields ages of several 
thousand years (from 2,280 BP to 8,040 BP).  
Were the phytolith extraction 
protocols efficient to remove all 
exterior carbon from phytoliths ?
1. Attempts to obtain absolute 
chronologies (e.g. comparaison 14C-AMS phytC/TL 
on tephra) (Kelly et al. 1991, Mulholland and Prior 1993, 
Mclaran and Umlauf 2000, Piperno and Stothert 2003, Prior 
et al. 2005, Rieser et al. 2007).
Grass from rural area in Madison, USA
Bulk plant
 
Atmospheric CO
2 
phytC
Modern (n=2)
 
Modern (n=1)
 
8,040 +- 560 (n=1) yrs BP
GC-MS
Perry et al. 1987, Pironon et al. 2001, 
Smith and Anderson 2001.
Raman spectroscopy
Pironon et al. 2001.
Protein stains + PCR
Elbaum et al. 2009.
III Material and Methods
Dry ashing at 500°C (a)
Microwave digestion (b)
Parr et al. 2001
Wet oxidation using H
2
SO
4
+H
2
O
2
Kelly et al. 1999
Optical microscopic images from Parr et al. 2001.
OM 
30µm 30µm
OM 
a b
Organic matter (OM) still remains.
Application to FACE grass samples
Phytolith samples were obtained from harvested Sorghum bicolor (a C4 silicon accumulator) 
grown within a FACE (Free-Air CO
2
 Enrichment) experiment at Maricopa, Arizona, during 
1998. In these experiments, controlled plots are exposed to enriched CO
2
 concentrations with 
known 14C and d13C values. 
Sorghum was exposed to fossil CO
2 
(dead or 14C-free)
 
during a full growing season in one hand 
(7E FACE), and to modern CO
2 
(modern-air) in the other hand (8E FACE). Soils are the same.
Evaluation of phytolith extraction protocols commonly used
Set up of new phytolith extraction protocols
1. Combination of published extraction protocols.
(Geiss 1978, Kelly et al. 1999, Parr et al. 2001, Prior 2005, Piperno 2006) 
2. Checking for potential sources of old C contaminant:
 
- Phytoliths samples extracted in two different laboratories.
(UW-Madison and CEREGE). 
- 14C-AMS analysis of a sample of 14C free SiO
2
 powder subjected to the phytolith 
extraction procedure as a BLANK.
- 14C-AMS analysis of laboratories ambient air.
 
 3. Checking for samples purity: SEM-EDS.
14C-AMS target preparation and measurement
50-300mg of phytoliths and SiO
2
 were:
- baked at 160°C before evacuation,
- combusted at 900°C in quartz tube with CuO and silver wire.
  (Santos et al. 2010)
 
Graphitization: Hydrogen reduction with Fe powder as catalyst (Santos et al. 2004).
Targets were measured in the AMS (NEC 0.5MV 1.5SDH-2) compact system (Southon et al. 2004).
a b
SEM-EDS analysis of (a) phytoliths (high peaks of Si) 
and support, and (b) organic particle (high peak of C). 
Si Si + C
 
Bulk plant tissue from 8E FACE:
Modern
PhytC concentrates from 7E FACE and 8E FACE:
1,175+-280 yrs BP
Bulk plant tissue from 7E FACE:
3,580+-10 yrs BP
14C-AMS measurements of 7E FACE and 8E FACE 
(bulk plant tissue and phytC for each sample).
1. Photosynthesized bulk plant tissues from 7E FACE sample shows distinct 
14C value due to fossil CO
2
 "tag" relative to 8E FACE control plot 
(subjected to modern-air CO
2
).
2. PhytC from both samples shows similar 14C signatures, different from 
those  of atmospheric and tagged CO
2
.
d13C measurements: d13C values obtained for bulk plant tissue FACE 7E and 8E are 
respectively -9.7 ‰ (n=2) and -11.2 ‰ (n=2) while d13C value of phytC from FACE 8E is 
-21.6‰ (n=2).
IV Results
Protocol 1 Protocol 2
SEM images and EDS analysis of phytoliths (high peak of Si).
Acid digestion (H
2
SO
4
, H
2
O
2
, HNO
3
, KClO
3
, KOH).
 
(Combined from Kelly 1999, Piperno 2006, Prior 2005).
1. All particles analysed by EDS are siliceous.
2. No Ca was analyzed.
SEM images and EDS analysis of phytoliths (high peak of Si).
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Dry ashing (500°C) + acid digestion (HNO
3
, HClO
4
, H
2
O
2
).
(Combined from Kelly 1999, Parr et al. 2001, Piperno 2006).
Phytoliths are partly dissolved.
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Two phytolith extraction protocols leading to purity 100% 
14C values obtained for the FACE samples V Discussion - Conclusions - Perspectives
While phytC is commonly assumed to originate from plant tissues and/or photosynthesis, these 
preliminary results suggest that phytC from the FACE grasses may come from a similar 
soil source.
These results will soon be confirmed or infirmed by :
14C analysis of FACE samples extracted using the same extraction protocols in a 
different lab (lab 2: UW). 
 
14C analysis of phytC from archaeological samples of known ages.
  
14C analysis of phytC from grass planters fed by nutrients with differents d13C and 
14C values.
The unexpected radiocarbon values of phytC highlight that 14C-AMS of phytoliths may not 
be a suitable dating tool but brings new thrilling questions on plants nutrition and the related 
soil carbon cycle.
Bremond L, Alexandre A, Hély C, Guiot J. 2005. A phytolith index as a proxy of tree cover density in tropical areas: Calibrationwith Leaf Area Index along a forest-savanna transect in southeastern Cameroon. Global and 
Planetary Change 45:277-293.
Elbaum R, Melamed-Bessudo C, Tuross N, Levy AA, Weiner S. 2009. New methods to isolate organic materials from silicified phytoliths reveal fragmented glycoproteins but no DNA. Quaternary International 
193(1–2):11–9.
Kelly E, Amundson R, Marino BD, Deniro M. 1991. Stable isotope ratios of carbon in phytoliths as a quantitative method of monitoring vegetation and climate change. Quaternary Research 35(2):222–33.
McClaran MP, Umlauf M. 2000. Desert grassland dynamics estimated from carbon isotopes in grass phytoliths and soil organic matter. Journal of Vegetation Science 11(1):71–6.
Mulholland SC, Prior CA. 1993. AMS radiocarbon dating of phytoliths. In: Pearsall DM, Piperno DR, editors. Current Research in Phytolith Analysis: Applications in Archaeology and Paleoecology. MASCA Research 
Papers in Science and Archaeology 10. Philadelphia: University Museum of Archaeology and Anthropology, University of Pennsylvania, 21-3.
Piperno DR. 2006. Phytoliths: A Comprehensive Guide for Archaeologists and Paleoecologists. New York: AltaMira Press. 238 p.
Piperno DR, Stothert KE. 2003. Phytolith evidence for early Holocene Cucurbita domestication in southwest Ecuador. Science 299(5609):1054-7.
Pironon J, Meunier JD, Alexandre A, Mathieu R, Mansuy L, Grosjean A, Jardé E. 2001. Individual characterization of phytoliths: experimental approach and consequences on paleoenvironment understanding. In: 
Meunier JD, Colin F, editors. Phytoliths: Applications in Earth Sciences and Human History. Lisse: A.A. Balkema Publishers. p 329–41.
Prior CA, Carter JA, Rieser U. 2005. Are phytolith radiocarbon dates reliable? Poster presented at the 10th International Conference on Accelerator Mass Spectrometry, Berkeley, USA, September 2005.
Rieser U, Carter JA, Prior CA. 2007. Phytoliths: a chronometer for the late Quaternary. Poster presented at the INQUA 2007 Conference, Cairns, Australia, July/August 2007.
Parr JF, Dolic V, Lancaster V, Boyd WE 2001. A microwave digestion method for the extraction of phytoliths from herbarium specimens. Review of Palaeobotany and Palynology 116:203-212.
Perry CC, Robert JPW, Fry S. 1987. Cell wall biosynthesis during silicification of grass hairs. Journal of Plant Physiology 126:437-448.
Santos GM, Southon JR, Druffel-Rodriguez KC, Griffin S, Mazon M. 2004. Magnesium perchlorate as an alternative water trap in AMS graphite sample preparation: a report on sample preparation at KCCAMS at the 
University of California, Irvine. Radiocarbon 46(1):165-73.
Santos GM, Alexandre A, Coe HHG, Reyerson PE, Southon JR, Carvalho CN 2010. The phytolith 14C puzzle: A tale of background determinations and accuracy tests. Radiocarbon 52(1):113-128.
Smith FA, Anderson KB. 2001. Characterization of organic compounds in phytoliths: improving the resolving power of phytolith d13C as a tool for paleoecological reconstruction of C
3 
and C
4
 grasses. In: Meunier JD, Colin 
F, editors. Phytoliths: Applications in Earth Sciences and Human History. Lisse: A.A. Balkema Publishers. p 317–27.
Smith FA, White JWC. 2004. Modern calibration of phytolith carbon isotope signatures for C
3
/C
4
 paleograssland reconstruction. Palaeogeography, Palaeoclimatology, Palaeoecology 207(3–4):277–304.
Southon JR, Santos GM, Druffel-Rodriguez KC, Druffel E, Trumbore S, Xu X, Griffin S, Ali S, Mazon M. 2004. The Keck Carbon Cycle AMS laboratory, University of California, Irvine: initial operation and a background 
surprise. Radiocarbon 46(1):41–9.
Webb EA, Longstaffe FJ. 2010. Limitations on the climatic and ecological signals provided by the d13C values of phytoliths from a C
4
 North American prairie grass. Geochimica et Comoschimica Acta 74 (11):3041-3050.
Wilding LP. 1967. Radiocarbon dating of biogenic opal. Science 156(3771):66-67.
 LA
BO
R
A
T
O
IR
E
  
D
'A
R
C
H
EO
LO
GIE  MEDIEVA
LE
  M
E
D
IT
E
R
R
A
N
E
EN
NE 
